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Mammalian Sirtuins are the homologs of yeast Saccharo-
myces cerevisiae Sir2 (silent information regulator 2), 
which functions in chromatin silencing to prevent genomic 
instability and aging by catalyzing the histone deacetyl- 
ation [1]. There are seven members in Sirtuin family 
(SIRT1-SIRT7). They all contain evolutionary conserved 
enzymatic domain which is nicotinamide adenine dinucleo-
tide (NAD)-dependent histone deacetylase that targets a 
wide variety of histone or non-histone proteins for biologi-
cal functions. Each of the Sirtuins has distinctive functions 
and cellular localization. SIRT1, 6 & 7 are localized in nu-
cleus, and SIRT2 is localized at cytoplasm while SIRT3, 4 
& 5 are localized in mitochondria [2].   
SIRT5 is a unique member among the Sirtuin family be-
cause it contains multiple enzymatic activities. It was ini-
tially reported as a NAD-dependent histone deacetylase [3], 
More recently, SIRT5 has been found that it also contains a 
NAD-dependent protein lysine demalonylase and desuc-
cinylase activities [4]; and lysine glutarylase activity [5]. 
The multiple enzymatic activities of SIRT5 indicate that 
SIRT5 is a multiple functional proteins in its regulation of 
cellular metabolism. Here, we will discuss how multiple 
enzymatic activities of SIRT5 in regulation of cellular me-
tabolism.    
SIRT5 is primarily defined as a lysine deacetylase in mi-
tochondria which can deacetylate carbamoyl phosphate 
synthetase 1 (CPS1), a rating-limiting enzyme in the first 
step of urea cycle [3]. In vivo test in cultured primary 
hepatocytes and in mice showed that CPS1 is regulated by 
SIRT5 directly through deacetylation under calorie re-
striction environment. Although SIRT5 knockout (KO) 
mice do not show remarkable phenotypes and diseases, its 
blood ammonia is significant higher than wide-type after 48 
h fasting. SIRT5 overexpressing transgenic (Sirt5-Tg) mice 
were also created to confirm its relationship with CPS1. 
CPS1 activity and urea production in Sirt5-Tg mice are 
higher than wide-type mice [6], indicating that SIRT5 
deacetylates CPS1 to activate its function in urea cycle for 
generating more urea. Urea cycle is tightly regulated by 
SIRT5 despite ornithine transcarbamoylase (OTC) and other 
enzymes in this cycle are not targeted by SIRT5. Another 
SIRT5 target is Urate oxidase (UOX). SIRT5 deacetylates 
UOX and activates its enzymatic activity in Sirt5-Tg mice. 
Furthermore, SIRT5 has also been found to deacetylate cy-
tochome c, which located in the mitochondrial intermem-
brane space as the core protein of oxidative metabolism. 
Other studies showed that under ethanol stress SIRT5 re-
duced its deacetylase activity in hepatic cells. 
Through structural analysis, Lin and colleagues [4] found 
that the acyl peptide binds SIRT5 better than the acetyl pep-
tide, and these acyl peptides contain succinyl peptide and 
malonyl peptide. These findings led to identify that SIRT5 
contains a desuccinylase and demalonylase activities. Other 
members of Sirtuins family have no activity on acyl peptide, 
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which makes SIRT5 a unique protein among the family 
members. The mechanism for desuccinylation and demalo-
nylation catalyzed by SIRT5 is the same to mechanism for 
deacetylation catalyzed by Sirtuins. By LC-MS/MS, several 
succinylated proteins were identified: 3-hydroxy-3-methyl- 
glutaryl-CoA synthase 2, thiosulfate sulfurtransferase, and 
aspartate aminotransferase.  
Anti-Kmal antibody is generated for detecting global 
malonylation in Escherichia coli and Hela cells. With the 
help from it, many proteins have been identified that they 
could be malonylated. These findings established malonyla-
tion as a new type of protein post-translational modification. 
And SIRT5 was identified as a lysine demalonylating en-
zyme which can catalyze the demalonylation process both 
in vitro and in vivo [7]. 
Through examination of proteins from mouse embryo fi-
broblasts (MEFs) and mouse liver cells by stable isotope 
labeling with amino acids (SILAC), the global lysine suc-
cinylation in mammals was defined [8]. The number of 
overlapped Ksuc sites between MEFs and mouse liver cells 
is only 294, indicating that the great differences in the suc-
cinylome between cultured cells and mouse tissue are exist. 
Furthermore, there are only 282 sites overlapped between 
lysine succinylation sites and lysine acetylation sites. SIRT3 
is thought to play the important role in regulating overall 
lysine acetylation in mitochondria. This data suggested that 
a numbers of proteins are targeted by SIRT5 and SIRT3 at 
the same time. SIRT5 deficiency resulted in increased ly-
sine succinylation, however, global lysine acetylation was 
impacted weakly. Interestingly, SIRT5 was also found lo-
calized outside mitochondria, This led to speculating that 
SIRT5 may play a role in regulating chromatin function 
with histone proteins. STRING database was used to vali-
date the protein-protein interaction networks of suc-
cinylome. HMGB1-HMGB2-HSC70-ERP60-GAPDH com- 
plex, the Pyruvate Dehydrogenase Complex (PDC) and the 
SDH-mABC1-PIC-ANT-ATPase complex are among the 
most convincing complex, suggesting that the SIRT5 enzy-
matic activities play an important role in regulating cellular 
processes. They also examined the process of succinylation 
mechanism using 3-NPA and malonate (the inhibitors of 
SDH) in succinate dehydrogenase complex subunit C 
(SDHC) knockdown mice. The outcome showed that suc-
cinylation levels of the proteins were slight, which suggest-
ed that the mechanism of succinylation is still unclear. 
Normal and KO SIRT5 mice were examined for the 
global lysine succinylation by Verdin group [9]. Hypersuc-
cinylation of mitochondria proteins was found in SIRT5 KO 
mice. They found the conservation of SIRT5-targeted suc-
cinylation sites among 6 species (human, rat, cattle, bird, 
frog, and zebra fish). By examining the isolated hepatocytes 
from wild type (WT) and SIRT5 KO mice, they found the 
obvious decreased fatty acid oxidation and increased accu-
mulation of acylcarnitines in SIRT5 KO mice. Ketone body 
production is also decreased and connected directly to the 
hypersuccinylation of HMGCS2. Kinetic analysis revealed 
that SIRT5 regulates 3-hydroxy-3-methylglutaryl-CoA 
synthase 2 (HMGSC2) desuccinylation at K83, K310 to 
restore the binding pocket for phosphate groups of ace-
tyl-CoA to accumulate ketone body production. Meanwhile, 
HMGSC2 deacetylation was regulated by SIRT3 other than 
SIRT5. Cu/Zn superoxide dismutase (SOD1) may be anoth-
er SIRT5 target which can be desuccinylated so as to elimi-
nate reactive oxygen species (ROS) . 
SIRT5 was also regulated by other proteins. Peroxisome 
proliferator-activated receptor  coactivator 1- (PGC-1) 
and AMP-activated protein kinase (AMPK) were identified 
to regulate SIRT5 in mRNA level and led to change of the 
global succinylation level.  
SIRT5 was also found that it can regulate lysine glutary-
lation modification by mass spectrometry recently. The 
glutarylome has been widely analyzed and revealed that 191 
proteins contains 683 glutarylaion sites [5], indicating that 
glutarylaion is high enriched in mitochondrial and cellular 
metabolism. In vitro deglutarylation reaction revealed that 
nicotinamide can inhibit the glutarylase activity of SIRT5, 
and Sirtinol, trichostatin A (TSA), NaBu have no effect on 
SIRT5 glutarylase activity. In contrast, they also found that 
both SIRT3 and SIRT4 have no glutarylation function at all. 
CPS1 is an important target of SIRT5 for glutarylation. 
The latest research revealed that SIRT5 knockdown mouse 
showed universal hyperglutarylation feature and CPS1 is 
hyperglutarylated in SIRT5 knockdown mouse after fasting. 
SIRT5 KO mouse also showed increased sensitivity to die-
tary changes. The glutaryl-CoA dehydrogenase (GCDH) is 
the key protein to the human Glutaric Acidemia I disease. 
Interestingly, GCDH KO mice expressed higher levels of 
glutaryl-CoA suggesting that the glutaryl-CoA leads to glu-
tarylation modification directly. Comparing to WT mice, 
the GCDH KO mice expressed more CPS1 protein to make 
up of the decreased CPS1 protein enzymatic activity. These 
results indicate that cells can maintain its glutarylation ac-
tivity and protein level balance by internal regulation. 
The majority of SIRT5 protein exists in mitochondrial. 
However, it was also found in other compartments of the 
cell. The relationship with histone proteins and co-     
expression with SIRT3 in nucleus indicate it may play 
broad role in regulating cellular functions. Global succinyl-
ation and glutarylation revealed that SIRT5 may also regu-
late its substrates outside mitochondrial.  
Recent findings revealed that SIRT3 plays the major role 
in protein deacetylaion in mitochondria rather than SIRT4 
and SIRT5. In SIRT4 and SIRT5 KO mice, the mitochon-
drial overall acetylation levels do not change compared to 
wide-type mice [10]. In contrast, the obvious global hyper-
acetylation was found in SIRT3 KO mice, indicating its 
major status as a mitochondrial deacetylase. As for the 
SIRT5 catalytic efficiency of deacetylation, it is much less 
compared to demalonylation and desuccinylation activities 
(almost 1,000 fold). This result suggests that SIRT5 regu-
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lates protein functions through demalonylation, desuccinyl-
ation and glutarylation other than deacetylation. 
The mRNA levels of many proteins in mitochondrial are 
not greatly changed in SIRT5 KO mice, indicating the in-
ternal regulation in cellular metabolism. It can be inferred 
that if activity or quantity of one enzyme is decreased, the 
other enzymes can be regulated up or down to cope with 
this change. This phenomenon is obvious in some core me-
tabolism such as tricarboxylic acid (TCA) cycle and amino 
acid metabolism. The downstream production can be influ-
enced by the upstream production and enzyme activity. 
Although SIRT5 has been found playing multiple functions 
in regulating cellular metabolism (Figure 1), future work 
still needs to be focused on its direct substrates and func-




Figure 1  Identified metabolism pathways regulated by SIRT5. 
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